Introduction
Anthrax is a bacterial infection of animals and humans, caused by the spore-forming bacterium Bacillus anthracis. Ruminants are particularly susceptible and typically die from a peracute/acute oral infection when grazing contaminated pastures (Ezzel and Wilhelmsen, 1993) . When the bacteria are released outside the infected host, as when blood oozes from a carcass, the lower CO 2 levels induce sporulation, which allows the organism to survive in the environment for long periods of time (Ezzel and Wilhelmsen, 1993) . The spores are extraordinarily persistent (Manchee et al., 1983; OIE, WHO and FAO, 2008) . The period of survival of anthrax spores in the environment can be very long (Quinn and Turnbull, 1998; De Vos and Turnbull, 2004) , reportedly up to 200 years (De Vos, 1990) and is affected by pH, water activity, temperature and the presence of nutrients. Alkaline soils rich in calcium promote persistence of the spores (Hugh-Jones and Blackburn, 2009) .
Anthrax is included in the Swedish Epizootic Act (Swedish Ministry of Agriculture, 2014) , stipulating mandatory reporting and investigation of suspect cases and laying responsibility on the Swedish Board of Agriculture to undertake eradication measures whenever the disease is confirmed. As in most European countries, anthrax was common in Swedish livestock already in the 18th Century (Widenberg, 2015) . However, after 1957, the disease was regarded as practically extinct. In the years that followed, a handful of suspect cases were investigated every year, all with negative results. In most areas of Sweden, the soils are not very alkaline (SLU Markinfo, 2015) and the general conception has been that soil contamination does not present a major risk. The absence of detected cases for several decades further strengthened this perception.
In 1981, a single case occurred in a dairy cow in the county of Uppland (A in Fig. 1 ), most likely associated with exposure to old spores from upturned soil. But it was not until 2008, when an outbreak occurred in a beef herd in the county of Halland (Lewerin et al., 2010; Fig. 1 ) that the disease attracted attention from the public as well as the medical profession. The outbreak in 2008 was unusual as it occurred in winter, in animals housed on deep straw and fed only roughage. The source was concluded to be hay contaminated by old spores from a riverbank. The sanitation efforts after this outbreak turned out to be the most costly eradication ever performed in a Swedish herd and illustrated the need for better scientific evidence for risk assessments (Knutsson et al., 2013) . The historical background of this outbreak prompted the need to look Fig. 1 . Geographical location of anthrax positive farms in Sweden, 1916 Sweden, -2013 into Swedish archives to get a better knowledge of where historical anthrax graves could be located, as it became clear that there was no current knowledge among the veterinary authorities of where carcasses had been buried in old outbreaks of the disease.
The most recent Swedish anthrax outbreaks occurred in the county of € Orebro, in 2011 and 2013 , (SVA, 2011 Agren, 2014; C1 and C2 in Fig. 1 ). Preliminary data from the historical project revealed that the source in 2011 was spores remaining in the soil after the burial of infected cattle some 60 years earlier (SVA, 2011; Agren, 2014) . This outbreak occurred in summer on a wetland pasture where digging to improve drainage had recently been performed. All animals, grazing fields at risk of contamination in the wetland, were vaccinated. Two years later, in October 2013, a single case occurred in the area approximately two kilometres from the vaccination zone. Genome sequencing revealed the same bacterial strain as in 2011 ( Agren, 2014) . A plausible explanation for this single animal death could be spread of spores by birds or wildlife. The three most recent outbreaks have caused public alarm for the risk of environmental contamination.
A Regulation from 1898, (Anonymous, 2010) stipulates that farmers must report all suspected anthrax cases. A local veterinarian should be called to the farm within 24 hours to investigate the potential case and report to the County Administrative Board. After a case was confirmed, a movement ban was to be put in place on the farm by a county Ordinance, L€ anskung€ orelse. This ordinance was made public at church services and in local newspapers and was also sent to the Royal Medical Board, Veterinary Issues, to be filed. After 1936, it was no longer mandatory to publicly declare cases of anthrax at church services, only when there was considered to be a risk of spread. However, all confirmed cases still had to be reported to the authorities and are included in the official statistics.
According to historical recommendations (Lindqvist, 1883; Flor en, 1917) , the carcass should not be moved and preferably buried close to where it was found. If the carcass had to be moved, the head and body orifices should be covered, the transport vehicle closed and disinfectants used on all contaminated surfaces. The site of the grave should be carefully chosen in a secluded dry place and the depth of the pit should be at least 2.5 m. A suggested means of disinfection of the carcass was to place it on a bed of thin tree trunks over the grave, pour kerosene or creosote over the carcass and let it burn until the body collapsed into the grave. Burning of the carcass surfaces so as to create a 'crust' was regarded as an effective means to prevent spore contamination of the environment. The recommendation to conspicuously mark the grave was possibly followed at the time, but today there are no remnants left of any such markings. There are no records in the County Administrative Boards of where the graves were situated.
This study was prompted by the lack of necessary information for an assessment of the geographical risk of old anthrax spores. The aim was to obtain sufficient information to map old anthrax outbreaks, to study clusters and the variation between years.
Materials and methods
The archives used for the search were the Swedish National Archives, Riksarkivet, in Stockholm and its affiliation in Arninge outside Stockholm, the Regional Archives, Landsarkivet in Lund and the University Library in Lund. The search was performed by personal visits to the Archives and performed manually. The results were entered into a Microsoft Access database with references of source. The data were later used for manually mapping the geographical location of the farms under restriction.
The National Archives is one of the oldest public agencies in Sweden. It was created in 1618, when Chancellor Axel Oxenstierna decided that a new organization was needed for the keeping of official records. The National Archives include the Regional Archives, which were founded in the beginning of the 20th century. Today, the National Archives supervises of all public records of the agencies of the central Government, while it delegates to the Regional Archives the supervision of records generated by regional and local authorities.
In 1947, The Royal Veterinary Board succeeded The Royal Medical Board, Veterinary Issues, thus taking over the responsibility to keep records of contagious animal diseases.
Historical data were retrieved from County Ordinances filed by the Royal Medical Board, Veterinary Issues, and from the mandatory copies in the Regional Archive in Lund. The search encompassed reported anthrax cases between the years 1916 and 1961, since it was known before the search started that there were no recorded cases between 1962 and 1980, in the (at the time) 24 counties of Sweden. In addition, old newspaper and journal articles describing cases and outbreaks of anthrax were extracted from the archives.
Where records of County Ordinances were missing, information was sought from other sources like the diaries of County Boards, the diaries of Official Veterinarians and Veterinary Reports and letters. The old diaries of Official Veterinarians from the counties of Sk ane, Blekinge and Halland are kept in the Regional Archive in Lund and from all other counties in their respective archives.
Results
In the years 1916-1961, anthrax cases were reported from approximately 3160 farms. All these farms were put under Official movement restriction for 10 days during which time the delivery of milk was prohibited. Cases detected at slaughter may not have been reported and are most likely not included in these figures.
There was a rapid increase in the number of affected farms after the First World War, with a peak in 1926. After 1957, there was a sharp decline and only sporadic outbreaks have been recorded since then (Fig. 2) . All 24 counties in Sweden were affected with the majority of cases in the livestock-dense southern parts of the country (Fig. 1) . The usual pattern was a single animal in a certain year but there are recordings of larger outbreaks either on a single farm or in a single area during 1 year. In some instances, a number of outbreaks were reported on a single holding, with a variable number of years in between.
Most outbreaks involved cattle. Cases in horses were mainly reported before the mid-twentieth Century, the same was seen in other animals such as pigs and wildlife. When mink farming became common in the nineteen-thirties, a few outbreaks occurred due to feeding the mink with carcasses from animals that died from anthrax. The majority of outbreaks were reported during the summer months (June, July and August) in animals on pasture. Some records indicate that animals were grazing on remote pastures of a type called 'hagmark', a mix of rocky fields and sparse woodlands not suitable for cultivation, pools of standing water or preceding droughts are also mentioned (Flor en, 1917; Ekstam, 1958) .
One large outbreak in the county of Halland in 1956-1957, occurred during winter and was associated with imported meat-and-bone meal found to be contaminated with B. anthracis (Kolmodin, 1957; Rutqvist and Swahn, 1957) . In this outbreak, mainly affecting pig herds, a large variation in clinical signs as well as post-mortem appearance was reported with many cases lacking the clinical signs previously regarded as typical (Kolmodin, 1957) . The authors speculate whether this may be due to a low dose of the infectious agent in combination with poor feed quality that caused a disease syndrome with multifactorial aetiology in the pigs. However, other authors report typical signs of acute anthrax septicaemia in most affected animals during the same outbreak (Rutqvist and Swahn, 1957) . The former author based his findings on investigations of dead animals in the regional laboratory while the latter performed most analyses of the meat-and-bone meal at the National Veterinary Institute in Stockholm. This outbreak occurred mainly in the same area where the outbreak was seen in 2008, and the hay implicated in this outbreak was harvested from a riverbank where it was rumoured that some carcasses from the old outbreak had been dumped.
In 2011, an outbreak of anthrax occurred in the wetland area Kvismaren, in € Orebro county, where previously, several historical outbreaks were recorded in the Archives, the latest in 1943. The documentation of the 1943-case included reports from the District Veterinarian and a police report from the Officer sent out to enforce a ban on the use of contaminated pasture, movements of animals or milk deliveries from the farm. The outbreak began with the sudden death of four heifers in July, 1943. There was a delay in reporting, diagnosing and burial of the animals that were all skinned and left in an open pit by the owner for a number of days. When the carcasses were finally buried, no disinfection routines were undertaken since no diagnosis had yet been determined. The animals were only covered with approximately 1.5 m of soil. It is believed that it was this grave that was opened in 2011, during digging to improve drainage. This gave rise to the serious outbreak in 2011, where 24 cows died ( Agren, 2014) .
The outbreak in 1981, in Uppland county had no immediate links associating this case geographically with older cases. The outbreak investigation indicated that the farmer had removed an old dung heap outside the cowshed and it had created a 'dust storm' that was thought to be the source of infection. One hypothesis is that an anthrax positive carcass (or material from an infected animal, possibly an aborted foetus) had been buried in the dung heap many years earlier. There was also a large outbreak in the northern part of the county in 1917, involving 48 farms. These were not in the exact same location but within a 30-km radius from the 1981, outbreak.
Many reports describe successful treatments of affected animals (mainly cattle) and humans. A trust in the availability of treatment and an assumption that most human cases would be cutaneous and self-healing were apparent in the texts. Any public fear appeared to stem from the worry about livestock health and problems with feed availability when animals were not allowed on some pastures. Treatments used were penicillin or tetracycline, sometimes in combination with antiserum. Older reports, dating from the pre-antibiotic era, describe treatments with serum in combination with subcutaneous injections of camphor spirits. An 'Italian vaccine' was described in the 1940s as successful in preventing further cases in an affected area. However, the vaccine was later withdrawn due to lack of efficiency and some of the successfully treated animals during an anthrax outbreak may not have been suffering from anthrax, but some other infection susceptible to the treatment given.
Recommendations given to farmers and laymen focus on how to protect animals from exposure. Protective measures for people were limited to recommendations on hand hygiene after direct handling of anthrax carcasses and to seek medical advice if signs of cutaneous anthrax or high fever appear. In addition, people with skin lesions were not allowed to participate in the destruction of carcasses or handling infected animals. Milk from infected animals was to be destroyed and banned from use for feed or food for 10 days.
In contrast to the relaxed attitude towards human exposure, some texts describe the risk of environmental spread as 'One drop of blood from an infected animal in a place where the bacteria can thrive will lead to multiplication and formation of hundreds of spores within a very short time, the spores can spread via wind, plants, water etc'. (Flor en, 1917) . Draught animals infected when ploughing contaminated fields, or cases in horses grazing fields some distance away from an outbreak, are mentioned in some texts. However, most descriptions of outbreaks conclude the source to be a specific previous contamination from an anthrax carcass.
Discussion
A surprisingly high number of outbreaks were recorded from 1916 and onwards. It has to be added, that anthrax outbreaks were also common during previous centuries, but the current investigation encompassed a time span where successfully preserved spores could still affect animals at present. The geographical locations of the cases are all over Sweden, possibly due to imported meat-andbone meal being a common ingredient in animal feedstuffs during that time period. Properly buried carcasses should present little risk of spore contamination as the instructions were focused on reducing this risk (Flor en, 1917) . However, as has been demonstrated in recent outbreaks, carcasses were not always adequately buried and viable spores may remain in some sites. Weather conditions are important for the resurfacing of old spores (OIE, WHO and FAO, 2008; Hugh-Jones and Blackburn, 2009) , and meteorological and hydrological information could be combined with the geographical data from this study to create realtime risk maps, as a basis for risk-based surveillance activities. Spore survival also depends on soil composition (Hugh-Jones and Blackburn, 2009), such data (alkalinity, calcium content) should also be taken into account.
The regions in Sweden where most of the outbreaks occurred still hold most of the livestock population. This may affect the probability of new outbreaks. On the other hand, current livestock production may be less prone to exposure, due to less grazing and more intensive feeding of high quality feed. Ruminants are no longer kept in remote pastures of the type commonly used when anthrax was more prevalent and are thereby not directly exposed to the exact areas where most cases occurred. Moreover, current animal welfare legislation requires daily inspection of all grazing animals, and this reduces the risk of animals 'disappearing' due to death in anthrax in remote places (such as described historically).
The ban on import of meat-and-bone meal for animal feed in 1957 led to a drastic reduction of reported cases (Fig. 2) . It is not recorded for how long this ban was in force, but the effect on reduction of anthrax outbreaks was notable for the following decades and further strengthened by the EU-ban on meat-and-bone meal in 2001, (Regulation (EC) No 999/2001) . It is noteworthy that the ban in 1957, was totally omitted from the first Geographical BSE Risk assessment for Sweden completed in the early 2000s, as there was no one to recall it. This demonstrates the short historical memory in government institutions.
Proper handling of carcasses is crucial for reduction of environmental contamination (Flor en, 1917) . As the bacteria take some time to sporulate (OIE, WHO and FAO, 2008) , rapid carcass destruction and disinfection may prevent the release of spores in the environment. Sporulation time and efficiency is dependent on temperature and relative humidity (Minett, 1950) . As most cases were recorded in the summer months when, at least in the Southern parts of the country, climatic conditions allow for sporulation, there is a real risk of viable spores remaining in soil. This is also reflected in the modern cases that stem from old anthrax carcasses.
Early detection is also important for reducing environmental contamination. Cases of sudden death on pasture are routinely investigated. After the 2008 outbreak there was a sharp rise in alertness and since the 2011 outbreak, veterinarians throughout the country are very observant of the clinical signs where anthrax cannot be ruled out. Thus the number of samples investigated each year has increased. However, as regulations regarding road transport safety must be adhered to, it is important that this does not hamper delays in transport and negatively affect future prioritization of field sampling.
The old records reflect that, historically, animal anthrax was an expected regular event, regulations on handling were practical and would have reduced the risk of environmental contamination if followed. People who were exposed professionally (farm workers, veterinarians, abattoir personnel) appear to have trusted that the risk to them was low and that they would be helped by treatment if they got sick. Measures taken today reflect a lower risk acceptance (Knutsson et al., 2013) , perhaps due to a heightened public interest. This may also be affected by the events in 2001 in the USA, when letters containing anthrax spores caused several human cases, some of which were fatal (Jernigan et al., 2002) . While spores in the soil present a real risk for grazing animals, there is only one single recorded human case that is assumed to stem directly from such contamination (Griffith et al., 2014) . The risk to the general public in Sweden from old anthrax graves is concluded to be low but interest from the media and the public in the risk maps from this study has been very intensive. Moreover, in association with digging activities due to extension of cable networks and sewage systems as well as housing developments on old farmland, an interest has been raised in this type of risk assessment.
The importance of work safety rules and medical advice being fit for purpose cannot be underestimated, to ensure that everyone involved can perform their work efficiently without risk of exposure or fear of being infected.
The feedborne outbreak in Halland in 1956-1957, has some similarities with the outbreak in a farm in the same region in 2008, (Kolmodin, 1957; Lewerin et al., 2010) . Although the latter outbreak affected cattle, that are more susceptible to the disease, a lack of typical clinical signs was noted in the beginning of the outbreak, which was concluded to stem from old spores in feed contaminated with soil containing old spores. The feed was, in both outbreaks, of poor quality and the original infectious dose may have been quite low. It is possible that this contributed to other clinical signs in the affected animals and that the cause of death was multifactorial rather than due to septicaemic anthrax alone, resulting in a more diffuse clinical and postmortem picture. Some discrepancies were noticed between the descriptions of the 1956-1957, outbreak from the regional veterinarian (Kolmodin, 1957) and the veterinarians in the central veterinary institute (Rutqvist and Swahn, 1957) . This may be a reflection of the different aspects seen by these different actors and underlines the importance of including everyone involved in an outbreak to obtain a correct description. The current practice is to strive to involve all stakeholders that can contribute to a full and correct picture when reporting outbreaks (Lewerin et al., 2010) .
The historical records proved useful for investigations into current outbreaks as well as avoiding them. For example, in the Kvismaren outbreak in 2011, the source of the outbreak could be pinpointed based on old records. More recently, in Fyledalen, in Sk ane county, an outbreak was possibly avoided using old records to adjust plans for digging work to restore the original course of a river so that old anthrax graves could be avoided.
If handled properly, old carcasses pose no substantial risk, but otherwise they may present a risk to grazing animals in some areas. Historical information is useful for all planning of work that involves digging or relocation of soil masses. Anthrax can be regarded as one of the diseases where history is a key to present knowledge.
